Polasik D., Tyra M., Szyndler-Nędza M., Żak G., Lambert B., Terman A. (2018): Association of miR-208b polymorphism with meat quality traits and texture parameters in pigs. Czech J. Anim. Sci., 63,[435][436][437][438][439][440][441][442] Previous studies have shown that single nucleotide polymorphism (SNP) (rs328743478) located downstream of pre-miR-208b in MYH7 gene is correlated with fibre number composition and drip loss in pigs. Because fibre characteristics are linked to meat quality, the aim of this study was to analyse the relationships between rs328743478 polymorphism and meat quality and texture parameters. The study utilised 578 pigs belonging to Polish Landrace, Polish Large White, Puławska, Pietrain, Duroc, and Hampshire breeds. Association study was performed for the first three breeds separately and for all six breeds joined together. Obtained results showed a significant influence (P ≤ 0.05) of miR-208b genotypes on water holding capacity (WHC) in the whole population and individual breeds and on intramuscular fat content (IMF) and luminosity in the whole population as well as in Landrace and Puławska breeds, respectively. By analysing texture parameters, we found association (P ≤ 0.05 or P ≤ 0.01) between rs328743478 polymorphism and toughness, firmness, and chewiness measured in m. semimembranosus and m. longissimus lumborum. The highest values of these traits in m. semimembranosus were noticed for AA genotype, however in m. longissimus lumborum for GG in the whole population and some individual breeds. It was found that miR-208b genotypes were also associated with cohesiveness (P ≤ 0.01), springiness, and hardness (P ≤ 0.05) but obtained results were not consistent among breeds and the whole population. The obtained results confirm that miR-208b polymorphism is associated with some economically important traits in pigs.
(P = 0.012) in three pig breeds (Berkshire, Landrace, and Yorkshire). Because skeletal muscles consist mainly of muscle fibres, the quality of meat depends largely on their characteristics. Muscle fibre characteristics influence appearance quality traits (AQT) as well as eating quality traits (EQT) (Joo et al. 2013) . The knowledge about their relationship with genetic background may improve meat quality of pigs. Therefore, the aim of this study was to analyse polymorphism rs328743478 and its influence on meat quality traits and texture parameters in Polish pigs.
MATERIAL AND METHODS

Animals.
The study utilised 578 sows that belong to six breeds: Polish Landrace (n = 269), Polish Large White (n = 189), Puławska (n = 68), Pietrain (n = 31), Duroc (n = 14), and Hampshire (n = 7). Polish Landrace pigs were the offspring of 57 boars and 158 sows, Polish Large White -34 and 123, however Puławska -18 and 42, respectively. For the whole population the number of sows was 357, however of boars -127. Animals were maintained in Pig Tests Stations (National Research Institute of Animal Production) located in Pawłowice, Chorzelów, and Mełno. Feeding and housing conditions were equal for all animals. Pigs were introduced into stations at 12 weeks of age and fed ad libitum from 30 up to 100 (± 2.5) kg of weight. At the conclusion of the feeding period, pigs were slaughtered by stunning with high-voltage electric tongs followed by exsanguination. The mean age of slaughtered pigs was 176.55 ± 4.04 days. For further analysis, samples from m. longissimus lumborum and m. semimembranosus were collected.
Meat quality and texture. The following meat quality traits were measured (n = 509): intramuscular fat content (IMF), meat colour, pH, and water holding capacity (WHC). IMF content was determined in thawed m. longissimus dorsi homogenates by a fat analyser SOX 406 (Gerhardt, Germany). The pH was estimated 45 min (pH45) and 24 h (pH24) after slaughter in m. longissimus dorsi and m. semimembranosus by pH-Star (Matthäus, Germany). Meat colour parameters of loin (L* -lightness, a* -redness, b* -yellowness) were determined using a CR-310 chromameter (Minolta, Japan). To estimate WHC, the GrauHamm method was applied (Hamm 1986) .
https://doi.org/10.17221/31/2018-CJAS Firmness and toughness were determined in 481 pigs by using the Warner-Bratzler shear force (WBS) analyses on raw (r) and cooked samples of m. longissimus lumborum and m. semimembranosus. Slices of muscle with a diameter of 3.5 cm and weight of approximately 200 g were placed into polyethylene bag and heated in water bath to reach 80°C. Samples were then chilled at 4°C for 24 h. Two cores 15-mm in diameter, representing each sample, were taken from the muscle by slicing parallel to the direction of muscle and sheared by using a WB triangular blade (4.5 mm/s) on a Texture Analyser TA.XT plus (Stable Micro Systems, UK).
The following texture profile parameters (TPA) were determined for both muscles: hardness, springiness, cohesiveness, chewiness, and resilience. For TPA estimation, the double compression procedure was applied (cylinder SMS P/25, base diameter 50 mm). All parameters were calculated according to the procedure given by Ropka-Molik et al. (2014) .
Analysis of polymorphism. Genomic DNA was isolated from muscle tissue using the ReliaPrep™ gDNA Tissue Miniprep System (Promega, USA). For SNP in miR-208b gene (rs328743478) analysis, the following primer sequences were picked using Primer3 software (Untergasser et al. 2012 ): forward -TCC ATG TCT GCA GCC TAG AG, reverse -TCA GAA GCA TTG TTG GCG AA. Primers were designed based on NC_010449.5, sequence (position of MYH7 75650841-75672908), which is reverse and complementary to the reported sequence (Kim et al. 2015) . Polymerase chain reaction (PCR) cycling conditions were as follows: initial denaturation at 95°C for 5 min, 32 cycles of 95°C for 45 s, 55°C for 45 s, 72°C for 45 s, and final synthesis at 72°C for 5 min. PCRs were performed in total volume of 10 μl containing: 30-60 ng of DNA, 2xPCR Mix (A&A Biotechnology, Poland), 7 pmol of each primer, and PCR grade water. Obtained amplicons were digested by HinfI (Thermo Fisher Scientific, USA) enzyme at 37°C overnight and separated in 2% agarose gels. Individual genotypes were determined based on the following restriction fragments lengths: AA -130, 30 bp, AG -160, 130, 30 bp, GG -160 bp.
Statistical analysis. All analysed traits were assessed in a fixed model using the least squares method of the General Linear Model procedure in the SAS software (Statistical Analysis System, Version 8.02). The following model was applied:
where: Y ijk = estimated trait μ = overall mean of the trait b i = fixed effect of i breed g j = fixed effect of j genotype group of miR-208b gene (bg) ij = interaction between gj genotype group and breed (when significant) e ijk = random residual error Due to very low frequency in Polish Landrace breed, AA genotype was excluded from the association analysis. Because in Duroc and Hampshire breeds one genotype (GG) was present, the association analysis was not performed for them. Genotype and allele frequencies, gene diversity (expected heterozygosity), and Hardy-Weinberg equilibrium were estimated using PowerMarker v. 3.25 software (Liu and Muse 2005) . All pigs were free of RYR1 T allele.
RESULTS AND DISCUSSION
In this study, we analysed SNP in intron 30 of porcine MYH7 gene where the locus for miR-208b is located. This polymorphism leads to significant changes in the levels of mature miR-208b, which is positively associated with the expression levels of MYH7 gene. It also influences fibre number composition (%) and drip loss (%) in pigs (Kim et al. 2015 ).
The present study shows some differences in the frequency of rs328743478 genotypes and alleles between the investigated pig populations (Table 1) . In all breeds GG genotype was the most frequent except Pietrain where AG genotype was the most abundant. Frequency of the G allele in Polish Landrace (0.89) was somewhat higher than observed in Landrace (0.81) (Kim et al. 2015) . Gene diversity, however in Pietrain, was more than twice as in Polish Landrace. The distribution of the genotypes was in Hardy-Weinberg equilibrium in all analyzed breeds.
Analyses between rs328743478 variants and meat quality traits are presented in Table 2 .
In our study, we found that intramuscular fat content was the highest for AA genotype (P ≤ 0.05) in relation to others for the whole population analysed. It has been shown that IMF is positively correlated with red muscle fibre content but negatively with white muscle fibre content (Hwang et al. https://doi.org/10.17221/31/2018-CJAS 2010). It is consistent with earlier results of Kim et al. (2015) , where the AA genotype was correlated with type I fibre percentage in pigs. In the Polish Landrace breed, where 2 genotypes were analysed, AG animals had higher IMF (P ≤ 0.05) than those with GG genotype. Another parameter correlated with miR-208b genotypes was meat luminosity (L*). Values of this trait were statistically lower (P ≤ 0.05) (Quiat et al. 2011; Ma et al. 2015) . It is consistent with results of Kim et al. (2015) again, because AG and GG genotypes were associated with lower type I fibres content in muscle, however AA genotype was linked with the highest level of pre-miR-208b (P = 0.053) and mature miR-208b (P = 0.009). Previous studies were also focused on luminosity of pork in relation to DNA polymorphism and a significant correlation was found only for alpha-ketoglutarate dependent dioxygenase (FTO) and calpastatin (CAST) genes (Fu et al. 2013; Ropka-Molik et al. 2014 ).
The third meat quality trait associated with rs328743478 genotypes was water holding capacity. In the Polish Large White, Puławska breeds, and in the whole population we found that values were higher for GG genotype compared to AA (P ≤ 0.05) or AG (also in Polish Landrace). Associations between miR-208b variants with IMF and L* are connected indirectly with former results (Kim et al. 2015) through the influence on muscle fibre percentage, WHC is connected directly through the association with drip loss (%). The genetic correlation between WHC and drip loss is naturally very high (Jennen et al. 2007 ), therefore we observed the same relation between these two traits and miR-208b genotypes as Kim et al. (2015) . These results also agree with those reporting that drip loss in m. longissimus dorsi muscle from Duroc × (Ryu and Kim 2005) . Recent studies have indicated the associations between SNPs and other miRNAs and production traits in pigs. They included meat quality (miR-206 and miR-133b), lean meat production (miR-206) as well as muscle fibre characteristics (miR-206, miR-133b, and miR-1) (Hong et al. 2012; Lee et al. 2013 ).
Because fresh meat quality is strongly related to fibre type composition in muscle (Joo et al. 2013) we also analysed the rs328743478 polymorphism according to shear-force traits and texture profile parameters of two muscles -m. longissimus lumborum (Table 3 ) and m. semimembranosus (Table 4) . The obtained results showed that miR-208b polymorphism is associated with shear-force traits. In the whole population, the highest values (P ≤ 0.05) for firmness and toughness were observed for the AA genotype in raw and cooked m. semimembranosus muscle. This trend was also present for Large White breed. In the case of m. longissimus lumborum we observed the reverse tendency, because the GG genotype was associated with the highest values of shear-force traits, except firmness of raw meat where values for AA and GG variants were the same. These differences may reflect m. longissimus lumborum and m. semimembranosus fibre properties. Both are white skeletal muscle, but are characterised by different proportions of fibre types. Gentry et al. (2004) showed that in pigs born and reared either indoors or outdoors, the content of types I and IIb fibres in m. longissimus lumborum is higher, however type IIa is lower if The breeds under our study are also characterised by differentiated performance traits values. For instance, Puławska is a conservative breed that belongs to fat-meat type, however the rest of analysed breeds are meat types. The study of Polish Landrace and Puławska pigs showed some differences regarding growth, carcass and texture traits. Taking into consideration texture parameters, Polish Landrace breed was characterised by higher firmness and toughness in m. longissimus lumborum (P < 0.01) and firmness in m. semimembranosus (P < 0.05) in relation to Puławska (Piorkowska et al. 2018) . We also found similar tendency in m. longissimus lumborum (raw and cooked), however in m. semimembranosus these values were similar, except toughness (cooked). miR-208b genotypes were also associated with other TPA -hardness, springiness (P ≤ 0.05), and cohesiveness (P ≤ 0.01) in individual breeds or the whole population, but results were not consistent among them. In the case of hardness measured in m. semimembranosus we observed inverted association again. Its higher value was noticed in Landrace pigs for GG genotype, however in Puławska pigs for AA genotype.
CONCLUSION
In summary, the SNP in miR-208b (rs328743478) through the influence on miR-208b expression, fibre number composition, and drip loss affect other meat quality traits such as intramuscular fat content, luminosity, and water holding capacity (P ≤ 0.05). Moreover, it is strongly (P ≤ 0.01) associated with shear-force traits (firmness and toughness) and one of the texture parameters in ham and loin muscles. It indicates that the miR-208b polymorphism can be applied as a good marker for texture parameters as well as can be considered as a marker for some meat quality traits.
